and 1989, whereas the actual wage differential was 12.1% in favour of whites. In contrast to the case of gender, it is generally accepted that equal opportunities legislation has been less successful in reducing the white/non-white pay differential, with the latter group of workers becoming increasingly concentrated in the lower percentiles of the pay distribution (Blackaby et al., 1994) .
Some studies have suggested that these pay differentials are largely attributable to the fact that women and ethnic minorities have lower promotion rates and are thus less likely to be found in higher paying jobs. There is then a 'glass ceiling' preventing members of disadvantaged groups from advancing to the higher levels of the occupational ladder.
2 Jones and Makepeace (1996) , using personnel data from a large financial company, find some evidence that women have to meet tougher promotion criteria than men, and conclude that discrimination is evident in all promotions beyond the bottom of the job ladder. In contrast, however, Groot and Maassen van de Brink (1996) , using data from the British Household Panel Survey (BHPS), find evidence to suggest a rather different discriminatory mechanism.
They make a distinction between jobs in which there is potential for promotion and jobs with few prospects, and find that women are less likely to be appointed to the former. Booth et al. (1998) also use data from the BHPS, but interestingly find no significant gender differences in the probability of promotion for full-time workers. Women, however, are found to receive a lower reward to promotion than men, suggesting that, because of 'sticky floors', promotion is not a panacea for the general disadvantage faced by women in the labour market (Booth at al., 1998) . This, however, is unlikely to be a feature of NHS nursing, which is still characterised by rigid pay scales.
The recent literature on gender promotion differentials has been motivated by the model of Lazear and Rosen (1991) , which predicts that women must have a greater ability than men if they are to be promoted. This is because women generally have productive opportunities in the household that men do not, and thus have a higher risk of turnover. This reduces the expected net benefits to the firm from training and promoting women and so fewer are observed in the higher levels of the firm.
In this paper, we examine the promotion process for nurses working in the NHS in the hope of informing the debate on the workings of internal labour markets. Apart from the suggestion of discrimination in the NHS nursing labour market, the nursing occupation is an important subject of study for other reasons. 3 Firstly, demographic trends and increasing health care demands mean that nursing is an increasingly important sector of the labour market. However, it is also one in which there is a crisis of morale and recruitment (UNISON, 1996) . This crisis may be linked to the NHS promotion process -only 20% of white, 13% of Black and 12% of Asian NHS nurses express satisfaction with their chances of promotion (Beishon et al., 1995) . A second distinctive feature of nursing is that it is one of the 'caring'
professions, where considerations other than the usual economic ones might be expected to play a role in pay and promotion. It is also a female-dominated profession, with over 90% of qualified nurses being women. A consequence is that the majority of those who make the promotion and hiring decisions are female (only 12% of nurse managers are male in our sample), and this raises questions about the origin and extent of any gender discrimination. In addition, ethnic minorities are also over-represented in nursing, with 6.3% of female nurses and 14.7% of male nurses from ethnic minorities, compared with 3.6% and 3.9% in all employment (Beishon et al., 1995) . Nursing is also an unusual profession in that it is dominated by the public sector, with over 90% of working nurses in the public sector at any one time (Phillips, 1996) . It is sometimes assumed that gender and racial discrimination are 2 See Davidson and Cooper (1992) for a thorough discussion of the concept of a 'glass ceiling '. 3 There are, however, few econometric studies which have examined the workings of the labour market for professional nurses in Britain (see Beaumont and Elliot (1992) and Phillips (1996) ). This situation contrasts with that of the US (see Holtmann and Idson (1993) , Ault and Rutman (1994) , Hirsch and Schumacher (1995) , Krall less significant in the public than in the private sector (see Blackaby et al., 1996, for evidence), and one of our objectives is to investigate that assumption in the context of nursing. Finally, nursing is a sector in which pay is negotiated at the national level and pay differentials within grades are small, and thus it can be argued that promotion is the appropriate process to study, rather than pay itself.
In order to gain reliable and robust econometric estimates of the promotion process for NHS nurses, we address a problem with earlier studies of promotion arising from the inclusion of potentially endogenously determined regressors in the promotion model. In particular, we question the assumption of exogeneity for labour market participation history, the number of training spells and part-time status -all of which would lead to biased estimates and incorrect inferences about gender and race inequalities. We start from the conventional ordered probit (OP) model, and then develop a full simultaneous model which allows for the possible endogeneity of five important features of the individual's participation and training history. The unobservable heterogeneity terms linking these variables to the promotion process is accommodated using simulated maximum likelihood (SML).
II. DATA AND SAMPLE CHARACTERISTICS
We use data from a 1994 survey of NHS nursing staff conducted by the Policy Studies
Institute for the Department of Health (Beishon et al., 1995) . Data were gathered from postal questionnaire responses to a one-in-three sample of the permanent nursing staff from a set of 91 NHS employers in England. Members of the ethnic minorities were deliberately oversampled. The final response rate was 62%, generating observations on 8,178 female and 741
male State Registered Nurses (RGNs) aged between 21 and 65. A unique feature of the survey is the amount of detailed information available on work histories, allowing us to (1995) , Lane and Gohmann (1995) , Ahlburg and Mahony (1996) and Schumacher (1997) ).
identify actual years of nursing experience, total time spent out of nursing and the number of career breaks undertaken. Having a measure of actual experience enables us to gain more reliable estimates of the effect of experience on the promotions process, than would the use of the usual age-minus-age-left-school proxy of experience or other imputed estimates (Wright and Ermisch, 1991) . This is particularly true for females, who are the majority group in nursing, though this measure of actual experience may suffer from some degree of retrospective bias. The survey also contains information on the highest level of educational achievement, the age of first registration and the number of completed post-basic training spells, as well as the usual personal and household characteristics. The definition of the variables and the sample characteristics are provided in Table A1 .
The current grading structure for NHS nursing staff was introduced in 1988 and spans grades A to I. Grades A and B are unqualified auxiliary and support nurse grades and Grade C is primarily made up of State Enrolled Nurses (SENs). For RGNs, who are the focus of this paper, after completing three years of basic nurse training the starting grade is D. Grades D and E then represent core staff nurses, grades F and G are charge nurses and ward managers and grades H and I are senior nurses and nurse managers. The sample distribution of nursing grades by gender and ethnic origin (see Pudney and Shields, 1999) suggests gender and race differentials considerably smaller than those found by Jones and Makepeace (1996) and Groot and Maassen van de Brink (1996) , although there is a mild tendency for a higher proportion of men than women to be at grades H and I (for example, 10.9% of white males compared to 7.3% of white females). However, crude sample frequencies are hard to interpret because of the different career paths followed by members of different groups. Indeed, Table 1 , showing the mean years of actual experience and training spells by grade and gender, suggests a greater role for gender differentials, with men on average reaching the higher grades with one or two fewer years' experience than women, and slightly more episodes of training.
[ Table 1 about here]
Within the NHS internal labour market, the promotion process for RGNs can best be characterised by the concept of a 'waiting time', where nurses wait for promotion opportunities whilst accumulating on-the-job experience which can be augmented by further post-basic training. As a nurse progresses up the grade structure a number of job elements become more important -the ability to work without supervision, to be an assessor, evaluator and planner of nursing needs and care, to be a researcher and teacher of nursing, and to undertake managerial responsibility. Post-basic training is voluntary and often involves some cost to the trainee.
III. A MODEL OF PROMOTION WITH EXOGENOUS PARTICIPATION AND TRAINING
Our analysis focuses on a categorical variable y, taking values 1....m for a set of m nursing grades. Other relevant and possibly endogenous variables covered by the survey are: the number of interruptions to the nursing career (censored by the survey at an upper limit of 3); the number of past training spells undertaken; the total length of time spent in non-NHS nursing since the completion of basic training; the existence of at least one period spent in the overseas or private nursing sectors; and the distinction between full-time and part-time current participation status.
To begin with, we ignore the possibility of unobservable personal characteristics which might influence grading simultaneously with these participation and training variables, and we include the variables describing the participation and training history together with other exogenous covariates in a row vector x. The discrete conditional probability function Pr(y|x)
is commonly specified as an Ordered Probit model (OP). Examples in the literature on promotions include Jones and Makepeace (1996) and Winter-Ebmer and Zweimuller (1997) , but the model is widely used for the analysis of ordinal data. It is based on the idea of a latent variable representing the individual's potential for career progression, assumed to be generated by the following normal regression structure:
where x is a row vector of observable characteristics (including summaries of the individuals work history), α is a column vector of coefficients and ε is a normally distributed random term, with variance normalised at 1. We then assume the existence of a sequence of promotion thresholds m C C .... 0 from which the grade probabilities can be constructed as follows:
where Φ(.) is the normal distribution function. The threshold parameters are subject to the
. This is the approach used by Jones and Makepeace (1996) , for instance, where experience is entered via a quadratic specification. 4 We prefer to use a transformation of τ which gives a finite asymptote to the effect of experience. In other words, a given grade cannot necessarily be achieved merely through the passage of time, and this has the reasonable implication that there may be some grades that will never be reached by a given individual, no matter how much experience he or she accumulates. To achieve this, we use the following inverse transform of experience:
The variable ) (τ Ψ is trimmed at one year to avoid distortions at very short job tenures (which are rare in the sample). The trimming threshold of a year seems reasonable, and gives a better fit than alternatives of 0.5 and 2 years. We use a quadratic in Ψ rather than τ , and this leads to a better maximised likelihood in every case. After some experimentation with the choice of explanatory variables, our final estimates of the OP model are given in Table 2 .
Note that the small sample size for males means that we have too few observations at the two top grades for the threshold governing H → I promotions to estimated reliably. We have therefore merged grades H and I, and only work with 5 rather than 6 possible grades for men.
Full discussion of the results is postponed to section V. However, these simple OP estimates are consistent with a priori expectations. Non-white ethnic groups are associated with lower job grades, significantly so for females, but insignificantly for the smaller male sample. Education and training are both associated with higher grades, while career breaks and part-time working are linked to slower rates of progression, especially for men. Note that there is some suggestion here that it is the length of career breaks, rather than their occurrence, that acts as a handicap for women. Indeed, it is plausible to argue that experience of childcare (which often implies career interruptions) is of value in a nursing career.
Marriage is estimated to have a positive impact for both men and women, but the coefficient is larger and more significant for men. However, the dominant influence on the achieved job grade is the inverse waiting time variable ) (τ Ψ .
[ Table 2 about here]
IV. ENDOGENOUS PARTICIPATION AND TRAINING
Decisions about career breaks and training may be determined simultaneously with career progression, since there might exist common unobservable factors that influence all of these 4 We have also estimated generalised models in which the thresholds are functions of the explanatory variables (See Pudney and Shields, 1999 for details) observed outcomes. There are five variables which must be considered possibly endogenous in this sense. Of these, the number of career breaks and the number of training spells are all ordinal variables that can be modelled within the OP framework, and the dummies for experience of non-NHS nursing and for part-time working are modelled as binary probits.
The remaining variable, the total length of career breaks, is zero for those with no career breaks and continuously distributed for others. We proceed in two stages: first we develop a score test of the exogeneity hypothesis; and then an estimator for use in the event that exogeneity is rejected. Identification is discussed at the latter stage.
(a) A Test for Exogeneity of Participation and Training History
We begin with a simple case where we are testing the exogeneity of a single explanatory variable, w, which is one element of the vector x from the latent regression (1). This variable is generated by an appropriate discrete model, estimated separately by maximum likelihood.
The test is based on the covariance between the generalised residuals from the principal model of y and the supplementary model of x * , where the residuals are defined as the best prediction of the value of the underlying behavioural disturbance, conditional on all observed information. The generalised residual, $ ε , for the main job grading model is the prediction of ε conditional on the observable data;
The hypothesis we wish to test is the following moment restriction:
where υ is the random disturbance underlying the auxiliary model for w. Under the null hypothesis, the models for y and w are conditionally independent. Using the approach of Pagan and Vella (1989) , our score test statistic is:
where l is an n x 1 vector of ones and m is an n x 1 vector with ith element equal to the product of the two generalised residuals The auxiliary models used here are OP models for the number of training episodes and career breaks, binary probits for non-NHS nursing experience and part-time working, and a censored regression for the total length of career breaks. The test results are given in Table 3 .
Exogeneity is rejected by the overall 2 χ test applied to all five training and participation variables. The failure of exogeneity is clearest for females, where the sample size is largest.
When broken into tests for individual covariates, positive t-ratios are found for the number of training spells, and this suggests the existence of unobserved factors (such as 'motivation' or 'commitment') which simultaneously cause individuals to do well in terms of promotion, and also to undertake training more readily than others. The corollary of this is that the previously-reported estimate of the effect of training spells, particularly for females, is likely to overstate the role of training per se as a factor in promotions.
[ Table 3 about here]
Where significant, the test on individual participation variables is negative. The natural interpretation here is that there are unobservables (such as the existence of outside commitments or poor health), which are responsible simultaneously for a slow rate of promotion and an interrupted or partial history of participation. The implication here is that the OP estimates are likely to overstate the negative effects of incomplete participation, which acts in part as a proxy for these unobservable personal attributes.
(b) A Simultaneous Model with Heterogeneity
The test results in Table 3 indicate that the OP model for the promotions process will be distorted by bias unless an estimator is used which makes some allowance for the endogeneity of training and participation histories. We now estimate a generalised model involving underlying unobservable random effects. Let w be the 1 × 5 sub-vector of x, containing the potentially endogenous training/participation covariates. The underlying latent regression system can then be written:
where * w is the vector of latent variables underlying statistical models for the five auxiliary variables w, and γ is a row vector of coefficients of the unobservable heterogeneity terms.
These auxiliary models are: a truncated loglinear regression for the total length of career breaks (conditional on there being at least one break); and binary probit or OP models as appropriate for the remaining four variables. The residual vector * u is distributed as
is a positive definite matrix which is general except for normalisation restrictions (on all variables except for length of career breaks, whose scale is observed). We implement this general covariance structure using a factor-decomposition by writing * u in the form Pv , where v is a vector of independent standard normal variates and P is a triangular matrix. This entails no loss of generality, but offers the possibility of giving the unobservables some interpretation, as in factor analysis. The details of the estimation of this joint model by simulated maximum likelihood can be found in Pudney and Shields (1999) .
The strategy we have used to arrive at these estimates is to develop the auxiliary models separately, before estimating the full system jointly. In the smaller male sub-sample, it was not always possible to maintain a great deal of detail in the specification; this is particularly true for the indicator of part-time working, where the number of part-time males was too small to permit reliable estimation of anything but an intercept.
(c) Identification of a Simultaneous Model
The potential for identification problems with models of this kind is well known. For example, Heckman (1990) where only y, d, x 1 , x 2 and z are observed, and ε 1 , ε 2 , v are unobserved random errors. Heckman (1990) shows that γ, the functions g 1 and g 2 and the bivariate marginals F(ε 1 , v) and F(ε 2 , v) are identified nonparametrically provided z contains a continuous variable excluded from x 1 and x 2 . Our model is more complex than this structure, since there are several endogenous explanatory variables, and they are not simple binary indicators. The variables excluded from our job grade model but appearing in the auxiliary models (family structure and housing tenure) are discrete rather than continuous as Heckman's result requires, and the dependent variable y is observed in coarser categorical form, not continuously as in (8). Thus there are grounds for concern over identification.
However, in the context of realistic applied work, the fully nonparametric approach to identification is often unhelpful, amounting to a counsel of perfection. Indeed, we would argue that the great majority of applied models fitted to survey data are essentially unidentifiable in the strict nonparametric sense, with or without the endogeneity problem we are considering here. For example, the fairly typical set of explanatory variables included in the ordered probit model of Table 2 contains two continuous variables (experience and age at start of career), the remainder being discrete. The discrete variables define a partition of the population into 4 × 6 × 13 × 4 × 2 × 2 × 2 = 9984 cells, so a full nonparametric specification for (say) a regression on these variables would amount to a collection of 9984 bivariate regression functions. Most or all of these cells would be too sparsely observed for estimation to be feasible, for any conceivable sample size, so that such a regression is effectively unidentified in the non-parametric sense. Despite this, there is no reason why a fitted model using these explanatory variables should not give worthwhile results -all that is required is a little continuity so that a reasonably flexible specification can span the cells adequately.
Even in the case of simultaneous models, non-identification can be overcome by means of the same kind of simplifying assumptions that are built into any cross-section regression model -for example linearity in the explanatory variables and mild restrictions on the joint distribution of the error process. As an example, we consider in appendix 1 the following ordered probit with an endogenous dummy explanatory variable:
We show that the important parameters α, and ψ are identified without any need for the variables included in z and excluded from x to vary continuously, or any need to specify a particular form for the distribution of ε and v. Indeed, if all the elementary properties (specifically a boundary condition implied by strict monotonicity of the distribution function) of the distribution of ε and v are exploited fully, it is not even necessary to have exclusion restrictions on x. Thus the parameters of the ordered probit are identified in a semi-rather than non-parametric sense. Moreover, this result gives sufficient rather than necessary conditions for identification, so that models like (9) are over-identified in a sense, and weaker identification conditions must exist, although they are difficult to characterise in any simple way.
In fact we use exclusion restrictions (family structure and housing tenure variables do not appear in the job grade model) and a normality assumption (as a way of imposing the continuity condition) to identify the model. The full list of variables used in the auxiliary models is provided in Table A1 , and the model estimates are discussed in the following section.
V. RESULTS
The estimates for the ordered probit job grading model with endogenous training and participation are provided in Table 4 . The most noticeable effect of making allowance for the endogeneity of training and participation histories is a change to the estimated influence of these variables on the promotion thresholds. The estimated coefficient for training is reduced, compared to the original estimates in Table 2 , and the coefficient retains its significance only for men. There is also not much less evidence of a strong negative impact of career breaks, and the estimated effect of a spell of non-NHS nursing has become significantly positive.
Part-time status remains a highly significant negative influence, and its impact for men is greatly increased. If anything, the allowance for endogeneity of work history tends to increase the estimated promotion disadvantage for non-whites.
[ Table 4 about here]
The estimated structure of unobserved heterogeneity is given in Table 5 . In general the results show greater statistical significance for the larger female sample. However, for both cases we find that factor 1 ν (associated with a propensity to engage in training) tends to increase the speed of promotion, while factors 2 ν , 3 ν and 5 ν (associated with the number and length of career breaks, and with non-NHS nursing experience) tend to retard promotion.
Thus unobservable factors which interrupt NHS careers are also found to damage promotion prospects significantly.
[ Table 5 about here]
(a) Implications of the results
The implications of the models we have estimated are best summarised by means of simulations of the waiting time required by different types of 'standard' nurse to achieve particular professional grades. As our base case, we take a hypothetical individual who is average with respect to most continuous characteristics and modal with respect to discrete characteristics. Specifically, he or she is married; entered nursing age 23; has O-level qualifications; works full-time; and has had no career interruptions or episodes of post-basic training. The person is also average with respect to the unobserved heterogeneity terms, ν ε and , which are set to 0. We are most interested in the effects of gender and ethnicity on the rate of promotion, so we consider six different variants: males and females, of three racial types: white, black and Asian (the other non-white category is very similar to whites, and is not separately shown). Superimposed on these 'base case' individuals, we investigate three hypothetical changes: (i) an additional 3 training episodes; (ii) two 2-year career interruptions; and (iii) an increase in 'ability' ε from the average, Tables 6, 7 and 8, with asymptotic standard errors.
Consider first the base case. The highest predicted grade is G, or F in the case of black or Asian females. There is a slight difference in promotion times between males and females, with men having a predicted advantage of a few months for all ethnic groups at the lowest grade E, and for whites at all grades. However, this small advantage is not statistically significantly in these cases. There is a much larger predicted advantage of around 2 years for men within the black and Asian ethnic groups. When the variable threshold version of the model is used for simulation, there is no significant estimated advantage for males.
The picture is rather different when we accept that training and participation are endogenously determined. In this situation, the biased ordered probit estimates attribute too large an influence to these variables. Since it is, on average, females who have high rates of career interruptions and low rates of training take-up, the estimated effect of female gender is correspondingly upward-biased. When the full estimator is used, these biases are corrected and, simulating the effect of gender, holding training and participation constant, we find larger predicted promotion advantages for men. At the lowest grade, men achieve promotion a year to 18 months earlier than women, depending on the ethnic group. For promotions to higher grades, the male advantage is very large, ranging from 5 to 14 years, with the difference increasing as we consider non-white ethnic groups and higher job grades. Although statistically significant, these male-female differences are subject to a high degree of sampling error, so one should not place too much weight on the point estimates.
Ethnic differences are estimated to be large and significant for all model specifications.
The black and Asian groups are estimated to suffer roughly the same degree of disadvantage relative to whites. For promotion to grade E, the difference is in the range 4 months to a year or so, depending on the specification. At grade F, the difference is around 2-5 years, except for the full model for females, where the difference increases to 12-14 years, nearly doubling the time required for promotion. At the higher grade G, ethnic differences are so great for females that black and Asian women are predicted not to achieve promotion within the length of a normal career .
The impact of post-basic training episodes is explored in Table 6 . The constant-threshold OP model suggests a large and significant return to training, with the simulated three training episodes reducing promotion times by around a year or so at grade D → E, 4 or 5 years at grade E → F, and 15 years at grade F → G. However, there is a great deal of estimation uncertainty at these higher levels. The beneficial effect of training is predicted to be substantially greater for the black and Asian groups than for whites. There is no great difference between the estimated training effects for the simple OP model and the more complex simultaneous model. Therefore we do not find here that the estimates of large returns to training are invalidated by self-selection.
[ Table 6 about here] Table 7 summarises the predicted effect of two 2-year periods spent out of nursing. Note that the promotion times given exclude the period of the interruption itself, so that the predicted effect is additional to the 4 years lost during the simulated breaks. For men, career breaks are predicted to increase the time required to achieve any given grade. For the basic OP model, these effects are significant at the first E D → promotion hurdle. For example, a white male nurse who takes two 2-year breaks has his promotion time extended by 1.3 years, implying that it takes 4 + 1.3 = 5.3 years longer in calendar time. At higher job grades, and for all job grades in the case of the simultaneous model, there is no significant evidence of any penalty for men from career breaks.
For women the predicted impact is more complex. The basic OP model implies no significant impact of career breaks. However, the simultaneous model suggests a significant reduction in promotion times at all grades. Thus, for example, Table 7 implies that to get from grade D to E, a white female requires 3.95 years without any career breaks. With two 2-year breaks, the calendar time needed to reach grade E is extended to 3.95 + 4 -0.44 = 7.51 years, rather than the 3.95 + 4 = 7.95 years that would be required if there were no estimated effects of career breaks. At higher grades, this predicted reduction is greater, although never significantly greater than the 4 years of the break itself. One way of interpreting this finding is to say that, for women, time spent out of nursing (usually devoted to childcare) is a good substitute for time spent in nursing. Comparison of the predictions from the full model with those from the model which makes no allowance for endogeneity is instructive: conventional estimates of the impact of career interruptions for women are not robust against the possibility of self-selection. This result gives some support to the unorthodox view that women are often expected to have interrupted careers, and that, when such breaks occur, they are not perceived by employers as being 'abnormal'. Thus career breaks are less informative as a signal about the quality of an employee. However, all such interpretations are speculative, and the main point to be taken from these results is that estimates which ignore the selection problem cannot be regarded as robust.
[ Table 7 about here]
The powerful effect of unobservable heterogeneity on promotion times is illustrated in Table 8 . Here the years required by our 'base case' nurse, with average unobservable characteristics ( 0 = ε , which we term 'average ability'), to achieve promotion to each grade are compared with a nurse with the same observable characteristics in the top decile
, 'high ability') of the distribution. Under both model variants, the required promotions times for each grade level are dramatically reduced for nurses with 'high ability', and for each of our groups of nurses, an additional grade is achievable within a normal career.
So, whereas our 'standard' male nurse with 'average ability' was estimated to reach grade G in the latter years of his career, given a 'high ability' he can now reach grade H. Similarly, all three female groups grade G is now achievable rather than grade F (grade H for white females in the OP model). Moreover, the experience necessary to be promoted from grade D to E becomes effectively halved for both sexes, with the time gains for the more 'able' becoming progressively larger as we more higher up the grade structure. This difference in speed of promotion between nurses with 'average ability' and 'high ability' implies a considerable differential in lifetime earnings.
[ Table 8 about here]
(b) Auxiliary Models
While the main focus of this paper is the job grading process, the estimates from the five auxiliary models provide a number of insights into the workings of the nursing labour market:
these are presented in Appendix 2 (Tables A2 -A6 ). Here we focus on the results from the training and career break models. Overall, there are fewer significant influences on training and participation histories for males compared to the larger female sample. Starting with the determinants of post-basic training spells for NHS nurses, we find some degree of consistency with findings for the wider workforce (see, for example, Green, 1993; Shields, 1998) .
Increased years since first registration, higher general educational attainment and being an owner-occupier tend to raise the expected number of training spells, whilst having school-age children (for females) is associated with reduced training participation. Interestingly, black females are estimated to participate in significantly more training episodes than their white counterparts, but the opposite is found for Asian nurses. In contrast to the wider training literature, marriage is found to have no significant effect on the amount of training episodes undertaken.
Career breaks are positively associated with years since registration, higher educational attainment, being married and having school-age children, and negatively related with being an owner-occupier. Black nurses tend to undertake more, and Asian nurses fewer, career breaks than whites, although this is significantly so only for black females. For females nurses, time since registration tends to push-up the length of careers breaks whilst the opposite is true for males. For both sexes, white nurses undertake significantly longer career breaks than either black or Asian nurses. Higher educational attainment is positively associated with the length of career breaks (apart from males with 'O' or 'A' levels), with this relationship being generally stronger for males than females. For men, being married or an owner-occupier tends to reduce the length of career breaks, whilst having children has the opposite effect. Females who are married and who have children appear to take longer career breaks than their single counterparts, whilst having pre-school age children and being an owner-occupier are associated with shorter career breaks.
(c) Implied Earnings Differentials
Slow promotion implies low lifetime earnings under progressive salary scales with pay ceilings for each grade. To put a cash figure on the promotion disadvantage that we have found for women relative to men, and for non-whites relative to whites, we have used the 1996-7 NHS salary scales, together with the predicted promotion times given previously, to construct an estimate of total career earnings. In doing this, we have assumed that: there is no discounting; when the top of a scale is reached the salary remains at that level until promotion ; (iii) use the salary scales to compute the corresponding career earnings total, r E . Repeat this for r = 1 … 1000 and compute the median value and a 90% empirical confidence interval. When comparing different types of individual, the same set of underlying pseudo-random numbers is re-used to reduce simulation errors in comparisons. Note that the contrasts in Table 9 are median differences, and not differences of medians.
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[ Table 9 about here] Differences in total career earnings between men and women are small for the basic OP estimates, but much larger, and more significant, for the estimates which take account of the endogeneity of participation and training history. In this case the typical man gains from £35,000 to £48,000 over the course of a career, depending on his ethnic group -at the upper end of this range, this figure is not far short of the price of an average house. The earnings differential between whites and Blacks and Asians is estimated at between £52,000 and £57,000 for women using the standard OP model, but this is reduced to between £26,000 and £35,000 once endogeneity is allowed for. For men, a similar estimated difference, between £29,000 and £38,000, is implied by both models.
VI. CONCLUSIONS
Our aim has been to establish empirically the extent of gender and race disadvantage in the promotion process of NHS nurses, and to provide some evidence regarding the validity of the allegations that discrimination is a feature of the internal labour market for nursing staff. In order to gain reliable estimates of the promotion process and the degree of labour market disadvantage we have explored a possible specification problem inherent in the ordered probit model commonly used for the promotion process. We have developed a test for the exogeneity of key covariates and strongly rejected the OP model. The breakdown of the 5 For comparison , using the estimates from the full simultaneous model, the 'base' white male nurse with 'high ability' ( 2816 . 1 = ε ) would have lifetime earnings £99,000 (i.e. £890,000 -£791,000) higher than the same nurse with 'average ability' (ε = 0). The equivalent earnings differentials for white female nurses would be £139,000 (i.e. £876,000 -£737,000). The point estimates of the gender and racial lifetime earnings differential highlighted in Table 9 remain roughly the same under the 'high ability' assumption. exogeneity assumption has serious distortionary effects on the econometric estimates which, in our case, leads to misleading inferences about the differences in the speed of promotion between gender and racial groups and consequently life-time earnings.
Despite the fact that NHS nursing is a public sector, female-dominated, 'caring' profession with a high proportion of staff from ethnic minority groups we find evidence that: (i) After controlling for the endogeneity of participation and training history, male nurses are found to have a significant advantage in terms of speed of promotion -amounting in cash terms to between £35,000 and £48,000 in additional earnings over a whole career.
(ii) There is also clear evidence of a advantage for white over black or Asian nurses, implying a life-time earnings loss for black and Asian nurses of between £26,000 and £35,000 for females and between £30,000 and £38,000 for males.
In studies such as this, it is not generally possible to state with 100% confidence that the gender and racial disadvantage that have been identified are solely the result of labour market discrimination. Nevertheless, our findings suggests that gender and racial disadvantage is a serious cause for concern given the current low level of morale in NHS nursing, and the considerable problems being faced in recruiting female and ethnic minority school-leavers into the nursing profession and retaining qualified staff. Current government polices aimed at introducing 'a fair process of determining reward' and 'equality of opportunity' into the NHS labour market should be rigorously pursued. Consider the following simplified model containing only a single binary endogenous explanatory variable. We follow broadly the approach of Heckman (1990) an arbitrary q ∈ (0,1). Then define a further sub-population T g (p, q) consisting of those for whom x is such that Pr(y ≤ g | x) = p for some arbitrary p ∈ (0,1). Then:
where F( . , . ) is the distribution function of ε and v. F is assumed only to be strictly monotonic. These relationships can be inverted:
Note that the binary response model for d is identifiable (subject to a normalisation restriction, so that γ and Ξ are known. Now normalise the grading model. In the ordered probit framework, this is usually done by restricting F to have zero mean and unit variance, leaving C 1 … C m-1 as free parameters, but it is more convenient here to use the normalisation C 1 = 0 and C 2 = 1 (assume m>2). Thus, picking grades g = 1, 2:
Our aim is to deduce the value of the vector α and the form of the unknown function Ψ. Note that xα is constant over T 1 (p, q) and x * α over T 2 (p, q). Now vary p and q. For each (p, q)
It is possible to solve uniquely for α if it is possible to find a set of vectors forming the rows of a matrix X-X * such that rank(X-X * ) = k, where k is the number of explanatory variables in
x. If z contains a variable (ζ say) excluded from x, then this is clearly possible, since z = (x, ζ) and thus xγ x = -Ξ(q) + ζγ ζ and there is no exact collinearity in x for any q. Note that, in this linear setting, it is not necessary for the excluded variable ζ to be continuously-distributed.
Once α has been found in this way, it is possible to construct Ψ uniquely as the value xα at each p, q on the unit square. F can then be recovered by inverting Ψ.
A problem appears to arise when z contains no variables excluded from x. It is then possible to write -xγ x = Ξ(q) for each q, and thus:
for any arbitrary number λ. Thus, the following equation:
is satisfied by any vector of the form a = (α -λγ), with a corresponding infinity of choices for Ψ, each of the form Ψ-λΞ. Ψ and α thus appear unidentified, as a consequence of the collinearity of x induced by the condition Pr(d=0 | z) = q.
However, this argument does not use all the information we have about the unknown distribution F. In particular, we know that there exists a finite M(p) such that lim v→∞ F (M, v) = p, for any p < 1. Thus lim q→1 Ψ(pq, Ξ(q)) = M(p) < ∞ and lim q→1 Ξ(q) = +∞. This implies that a function of the form Ψ(pq, Ξ(q)) -λΞ(q) has an infinite limit for any choice of λ other than zero, whereas Ψ(pq, Ξ(q)) is known to have a finite limit. Thus, our knowledge of the limiting behaviour of F is sufficient to resolve the apparent identification problem induced by the collinearity of x when there are no exclusion restrictions. Note that this identification result is only available in the linear setting. When seen in this light, the value of making a specific assumption about the distribution of (ε, v) is not that it imposes a particular shape on the function F, but rather that it is a convenient way of building into the estimation procedure the identifying boundary conditions. This interpretation is consistent with the common finding that empirical results are often insensitive to specific distributional assumptions (Mroz, 1987; Newey et al., 1990) .
Once α and F have been identified in this way, then C 3 … C m-1 can be recovered from the equations pq = F(C g -xα, -zγ), and the coefficient of the endogenous explanatory variable, ψ, from the analogous equation for Pr(y ≤ g, d=1 | x, z). Indeed, there is a substantial degree of over-identification, which stems from the linearity assumption. The extension of this result to the case of multiple discrete endogenous explanatory variables is straightforward. 
APPENDIX 2: Sample characteristics and estimates of auxiliary models

